Abstract
benthic substrate (range: 5-43%) ( Table 1) . Average coverage of the substrate was 30 + 4% 1 4 0 (range: 13-58%) by macroalgae, and 2 + 0.2% (range: 1-3%) by crustose coralline algae (CCA).
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Dead corals, rubbles, larger rocks, and sand accounted for an average of 47 + 4% (range: 23-69%) 1 4 2 of the substrate. Living corals dominated the reef substratum on two out of 13 patch reefs (sites 1 1 4 3 and 13), whereas dead corals, rubbles, larger rocks, and sand dominated the substrate on nine out difference in coral cover and macroalgae cover between reef tops and reef slopes was detected The percent cover of Galaxaura divaricata was significantly different between reef tops 1 4 8
and reef slopes (P-value < 0.01), as well as among the 13 survey sites (P-value < 0.001). The 1In our epiphyte survey we identified 21 taxonomic groups of macroalgae in association with Galaxaura. Among those groups, we identified 15 to the species level, four to the genus level, one to the order Gelidiales and one to the phylum cyanobacteria (Table 3 and S2 Table) .
Among the 15 identified species, red algae were most abundant (10), followed by brown algae 1 8 1 (5), and green algae (5). The most common species associated with Galaxaura were the red 1 8 2 algae Hypnea caespitosa [48] (100% relative abundance) (Fig 4D) , Coelothrix irregularis (87%),
Ceramium dawsoniia (43%) and the brown algae Lobophora sp28 [49] (57%) (Fig 4D) , Padina with Galaxaura were Derbesia marina (37%), Caulerpa chemnitzia (27%) (Fig 4B) , and
Boodlea composita (20%). Epiphytic macroscopic cyanobacteria (filamentous > 1cm) had a 1 8 7 relative abundance of 17%. Lobophora sp28, third most common macroalga on Galaxaura, was 1 8 8 identified to frequently overgrow corals across the lagoon of Dongsha Atoll (Fig 5 and S2 Fig) . majority of patch reef sites exhibited a coral cover of lower than 25%, which is considered 1 9 6 degraded [53] . Coral reefs in the South China Sea have been facing increasing chronic and acute 1 9 7 thermals stress over the past decades [33, 38, 51, 54] . The summer mean sea surface temperature 1 9 8
shows an average upward trend of 0.2 / decade, with waters surrounding Dongsha Atoll 1 9 9
warming at a faster rate than other areas of the South China Sea and large coral reef areas were destroyed through dynamite and cyanide fishing [36, 52, 54, 55] .
According to a previous survey coral cover and the number of new small corals were especially and coral recruitment rate was especially low on patch reefs in the southeast lagoon [56] .
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Species of the red calcareous alga genera Galaxaura occur in two morphological forms, a observations suggested that, under certain conditions, the filamentous Galaxaura divaricata can 2 1 0 become dominant on degraded reefs and form long-standing canopies that grow frequently in 2 1 1 contact with corals. Galaxaura was heterogeneously distributed across the lagoon, and bloomed 2 1 2 on degraded patch reefs in the southeast section, where it attained largest thallus sizes. Maybe Our observations further show the persistence of Galaxaura on degraded reefs both over 2 1 5 a 17-month period and for at least four years. However, our data do not resolve potential The causes for Galaxaura blooms in the southeast area of the Dongsha lagoon are not 2 2 0 understood. The dominance of macroalgae, such as Galaxaura, on degraded reefs is probably the 2 2 1 consequence rather than the cause of initial coral decline [1, 30, 59, 60] . There are several potential 2 2 2 factors that could facilitate a Galaxaura outgrowth after a disturbance, including shallow, calm, where Galaxaura is most abundant, is sheltered by the relatively wide reef flat (2 km), and characterized by shallow waters (1-5 meter) and low current [63] . Galaxaura was absent from 2 2 8 environments with strong water currents, i.e. west lagoon, channels, and forereef, where strong,
erosive currents [35, 63] may create unfavorable conditions for Galaxaura to establish. corals has previously been demonstrated for Galaxaura filamentosa [12, 14, 15, [27] [28] [29] . Extract of Galaxaura is known to be of low preference to various herbivorous fishes due to its 2 8 5 calcification [84, 85] and low nutritional value [25, 84, 86, 87] . Galaxaura was proposed to provide could indirectly gain the benefit by growing between the branches of Galaxaura, as they are less 2 8 9 likely to be spotted by herbivorous fish. Commensalistic interactions are important for the 2 9 0 establishment of less common, nutrient-rich seaweeds that grow in association with common, 2 9 1 nutrient-poor seaweeds [80] . Even if the common seaweeds lowered the growth rate of the less 2 9 2 common ones (competition), evidence suggest that the benefits provided by macroalgae 2 9 3 associations outweigh the drawbacks through competition [80, 90] . Moreover, the microscopic 2 9 4 filaments of Galaxaura may facilitate the attachment of macroalgae spores, while the calcium carbonate branches may provide structural support for other macroalgae. Considering that an hypothesize that, by providing a suitable and sheltered substrate for epiphytic macroalgae, Galaxaura may facilitate the diversity and abundance of macroalgae on degraded reefs. This 2 9 9 study is merely observational and does not provide experimental evidence for the facilitation of 3 0 0 macroalgae diversity and abundance by Galaxaura. However, the abovementioned hypotheses 3 0 1 would be of great interest awaiting future validation. Our observations illustrated that the allelopathic and unpalatable seaweed Galaxaura recruitment. Thus, a long-term dominance by the allelopathic, nutrient-poor Galaxaura could 3 1 0 provide a negative feedback, perpetuating reef degradation. In addition, we suggest that
Galaxaura provides a suitable substrate for a variety of macroalgae, potentially facilitating 3 1 2 macroalgae growth and abundance on degraded reefs. Several common macroepiphytes on Galaxaura have been proven to be allelopathic in competition with corals and inhibit coral larvae such as the Galaxaura-macroepiphyte system, warrant further investigation to better understand and nursery habitat for marine life; however, they are most vulnerable to the effects of climate 3 2 2 change [18, 66, 67] . Results from our study can be informative for the management and and Pin-Chen Chen for assistance with fieldwork and DNA barcoding. Phase shifts, herbivory, and the resilience of coral reefs to climate change. Current Biology. turf algae, rubbles and sand. total area surveyed) across the lagoon of Dongsha Atoll in September 2017. A. B.
